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NARROW CONTACT DESIGN FOR 
MAGNETIC RANDOM ACCESS MEMORY 

(MRAM) ARRAYS 

TECHNICAL FIELD 

The present invention relates generally to the fabrication 
of semiconductor devices, and more particularly to magnetic 
random access memory (MRAM) devices. 

BACKGROUND OF THE INVENTION 

Semiconductors are used for integrated circuits for elec 
tronic applications, including radios, televisions, cell 
phones, and personal computing devices, as examples. One 
type of semiconductor device is a semiconductor storage 
device, such as a dynamic random access memory (DRAM) 
and ?ash memory, Which use a charge to store information. 

A more recent development in memory devices involves 
spin electronics, Which combines semiconductor technology 
and magnetics. The spin of an electron, rather than a charge, 
is used to indicate the presence of a “1” or “0”. One such 
spin electronic device is a magnetic random-access memory 
(MRAM), Which includes conductive lines positioned per 
pendicular to one another in different metal layers, the 
conductive lines sandWiching a magnetic stack. The place 
Where the conductive lines intersect is called a cross-point. 
A current ?oWing through one of the conductive lines 
generates a magnetic ?eld around the conductive line and 
orients the magnetic polarity into a certain direction along 
the Wire or conductive line. A current ?oWing through the 
other conductive line induces the magnetic ?eld and can 
partially turn the magnetic polarity, also. Digital 
information, represented as a “0” or “1”, is storable in the 
alignment of magnetic moments. The resistance of the 
magnetic component depends on the moment’s alignment. 
The stored state is read from the element by detecting the 
component’s resistive state. A memory cell may be con 
structed by placing the conductive lines and cross-points in 
a matriX structure having roWs and columns. 

An advantage of MRAMs compared to traditional semi 
conductor memory devices such as DRAMs is that MRAMs 
are non-volatile. For eXample, a personal computer (PC) 
utiliZing MRAMs Would not have a long “boot-up” time, as 
With conventional PCs that utiliZe DRAMs. Also, an MRAM 
does not need to be poWered up and has the capability of 
“remembering” stored data Without continually requiring a 
refresh operation. 
MRAM devices operate differently than traditional 

memory devices, and they introduce design and manufac 
turing challenges. For eXample, because a signi?cantly high 
amount of voltage must be placed on the conductive lines to 
achieve a current high enough to sWitch the resistive state of 
the memory elements, leakage currents can occur from one 
resistive memory element to neighboring resistive memory 
elements. While it is unlikely that leakage current Will cause 
sWitching of neighboring memory elements, leakage current 
is problematic in that the amount of current that leaks aWay 
is lost for the sWitching process for the intended memory 
cell. Furthermore, during a reading operation, neighboring 
resistors or memory elements may act as parallel resistors, 
thus Weakening the signal from the element that is being 
read. 

SUMMARY OF THE INVENTION 

Preferred embodiments of the present invention achieve 
technical advantages as an MRAM device having conduc 
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2 
tive lines With smaller Widths than in prior art MRAMs. The 
narroWer conductive lines are used to sWitch and read out the 
memory cell information. In one direction of the array, the 
conductive lines have a smaller Width than the Width of the 
resistive memory elements, so that the resistive memory 
elements are not fully contacted by the conductive lines. 

In one embodiment, a resistive semiconductor device 
includes a plurality of ?rst conductive lines positioned 
parallel to one another in a ?rst direction, a plurality of 
resistive memory elements disposed over the ?rst conduc 
tive lines, and a plurality of second conductive lines dis 
posed over the resistive memory elements. The second 
conductive lines are positioned parallel to one another in a 
second direction, and the second conductive lines partially 
contact the resistive memory elements. 

In another embodiment, an MRAM semiconductor device 
includes a semiconductor substrate, a plurality of ?rst con 
ductive lines disposed over the substrate, the ?rst conductive 
lines positioned parallel to one another in a ?rst direction, 
and a plurality of resistive memory elements disposed over 
the ?rst conductive lines. A plurality of second conductive 
lines are disposed over the resistive memory elements. The 
second conductive lines are positioned parallel to one 
another in a second direction, and the second conductive 
lines partially contact the resistive memory elements. 

In another embodiment, a method of manufacturing an 
MRAM semiconductor device includes providing a semi 
conductor substrate, forming a plurality of a plurality of ?rst 
conductive lines parallel to one another in a ?rst direction 
over the substrate, disposing a plurality of resistive memory 
elements over the ?rst conductive lines, and forming a 
plurality of second conductive lines over the resistive 
memory elements. The second conductive lines are posi 
tioned parallel to one another in a second direction, and the 
second conductive lines partially contact the resistive 
memory elements. 

Advantages of embodiments of the invention include 
reducing the contact area of the second conductive lines to 
the resistive memory elements, reduced leakage currents, 
and a reduction in the number of errors and failures. Another 
advantage includes the ability to have Wordlines and bitlines 
having the same Widths, rather than having varying Widths 
as in prior art magnetic memory devices, Which results in a 
more uniform pattern from a processing perspective, sim 
plifying the manufacturing process. The speed of a memory 
device may be increased, because of the reduced resistance 
of the memory cells resulting from the smaller number of 
cells being connected to the conductive lines. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above features of the present invention Will be more 
clearly understood from consideration of the folloWing 
descriptions in connection With accompanying draWings in 
Which: 

FIG. 1 illustrates a perspective vieW of a prior art MRAM 
cross-point array; 

FIG. 2 shoWs a top vieW of the prior art MRAM array 
shoWn in FIG. 1; 

FIG. 3 shoWs a top vieW of an MRAM array in accordance 
With an embodiment of the present invention; 

FIG. 4 shoWs a top vieW of an MRAM array in accordance 
With another embodiment of the present invention; 

FIG. 5 illustrates a cross-sectional vieW of an embodiment 
of the MRAM array shoWn in FIG. 4; and 

FIG. 6 illustrates a cross-sectional vieW rotated ninety 
degrees from the vieW shoWn in FIG. 5, shoWing a ?rst 
conductive line partially contacting an MRAM element. 
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Corresponding numerals and symbols in the different 
?gures refer to corresponding parts unless otherwise indi 
cated. The ?gures are draWn to clearly illustrate the relevant 
aspects of the preferred embodiments and are not necessarily 
draWn to scale. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Aprior art MRAM design Will be described, folloWed by 
a discussion of some preferred embodiments and some 
advantages of embodiments of the present invention. 

Aprior art MRAM device 10 having conductive lines 12 
and 22 running in a ?rst and second direction and comprised 
of a conductive material such as aluminum or copper, for 

example, is shoWn in FIG. 1. A Workpiece (not shoWn) is 
provided, typically comprising silicon oxide over silicon 
single-crystal silicon, for example. The Workpiece may 
include other conductive layers or other semiconductor 
elements, e.g., transistors, diodes, etc. Compound semicon 
ductors such as GaAs, InP, Si/Ge, and SiC may be used in 
place of silicon, for example. 

A?rst inter-level dielectric layer (not shoWn) is deposited 
over the Workpiece. The inter-level dielectric may comprise 
silicon dioxide, for example. The inter-level dielectric layer 
is patterned, for example, for vias, and etched. The vias may 
be ?lled With a metal such as copper, tungsten or other 
metals, for example. 
A metalliZation layer, eg an M2 layer, is formed next. If 

copper is used for the conductive lines 12, typically, a 
damascene process is used to form the conductive lines 12. 
A dielectric layer, not shoWn, is deposited over inter-level 
dielectric layer 14 and vias 16. The dielectric layer is 
patterned and etched, and the trenches are ?lled With a 
conductive material to form conductive lines 12 in the M2 
layer. 

Next, a magnetic stack 14 is formed over conductive lines 
12. Magnetic stack 14 typically comprises a ?rst magnetic 
layer 20 including a plurality of layers of materials such as 
IrMn, FeMn, NiMn, PtMn, CoFe, Ru, A12, 03, and NiFe, for 
example. The ?rst magnetic layer 20 is often referred to as 
a hard layer. Magnetic stack 14 also includes a dielectric 
layer 18, comprising A1203, for example, deposited over the 
?rst magnetic layer 20. The dielectric layer 18 is often 
referred to as a tunnel layer. Magnetic stack 14 also includes 
a second magnetic layer 16 comprising a multi-layer struc 
ture having similar materials as the ?rst magnetic layer 20. 
Second magnetic layer 16 is often referred to as the soft 
layer. The ?rst magnetic layer 20, dielectric layer 18 and 
second magnetic layer 16 are patterned to form magnetic 
stacks 14. 

Conductive lines 22 running in a different direction than 
conductive lines 12 are formed over magnetic stacks 14. 
Conductive lines 22 may be formed Within an M3 layer, for 
example. If conductive lines 22 comprise copper, again, a 
damascene process is typically used. A dielectric layer (not 
shoWn) is deposited over magnetic stacks 14 and conductive 
lines 22. The dielectric layer is patterned and etched With 
trenches that Will be ?lled With a conductive material to form 
conductive lines 22. Alternatively, a non-damascene process 
may be used to form conductive lines 12 and 22. Conductive 
lines 12 and 22 function as the Wordlines and bitlines of the 
memory array 10. 

The order of the magnetic stack 14 layers may be 
reversed, e.g., the hard layer 20 may be on the top, and the 
soft layer 16 may be on the bottom of the insulating layer 18. 
Similarly, the Wordlines 12 and bitlines 22 may be disposed 
either above or beloW the magnetic stacks 14, for example. 
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4 
One type of MRAM design such as the one shoWn in FIG. 

1 comprises an array of magnetic bits or magnetic stacks 14 
situated at the cross-points betWeen tWo conductive lines 12 
and 22, often referred to as a cross-point design. Information 
is stored in the soft magnetic layer 16 of the magnetic stacks 
14. To store the information, a magnetic ?eld is necessary. 
This magnetic ?eld is provided by a Wordline and bitline 
current Which is passed through conductive lines 12 and 22. 
Information is stored in the bits 14 by aligning the magne 
tiZation of one ferromagnetic layer (information layer) either 
parallel or antiparallel to a second magnetic layer (reference 
layer). The information is detectable due to the fact that the 
resistance of the element in the parallel case is different from 
the antiparallel case. 

SWitching from the parallel to the antiparallel state and 
vice versa is achieved by running current through conduc 
tive lines 12 and 22 Which induces an magnetic ?eld at the 
location of the bit 14 just large enough to change the 
magnetiZation of the information layer. A relatively high 
amount of voltage must be placed on the conductive lines 
12/22 to achieve a current high enough to sWitch the 
resistive state of the memory elements 14, e.g., about a feW 
milliamps, e.g., 5 mA or enough current to produce a 
magnetic ?eld of approximately 100 Oe. This can result in 
leakage currents from one resistive memory element 14 to 
neighboring resistive memory elements 14, causing a por 
tion of the current intended for the sWitching process to be 
leaked aWay, and therefore lost, for the intended memory 
cell. Furthermore, during a reading operation, neighboring 
resistors or memory elements 14 may act as parallel 
resistors, Weakening the signal from the element 14 that is 
being read. 

In order to de?ne tWo preferred sWitching states, it is often 
necessary to select a bit or element 14 shape Which is not a 
quadratic cell, but rather, more elongated in a rectangular or 
elliptical shape, for example, With aspect ratios around 3:1, 
as shoWn in FIG. 1. An elongated shape is typically preferred 
for the resistive memory elements 14 because it ?xes the 
magnetiZation in a certain direction, e.g., the magnetiZation 
may be along the long axis. A conventional cross-point 
MRAM array 10 typically comprises an 8F2-cell 14 (With F 
being the minimum feature siZe) With Wide conductive lines 
12 running perpendicular to the long axis, as shoWn in a top 
vieW in FIG. 2. 

Embodiments of the present invention achieve technical 
advantages by utiliZing elongated, elliptical or substantially 
rectangular-shaped resistive memory cells, and accessing 
them in a novel Way, by using second conductive lines 
having a narroWer Width than in prior art MRAM designs, 
for sWitching and reading out the resistive memory cell 
information. 

In one embodiment of an MRAM device 100 shoWn in 
FIG. 3, resistive memory elements or cells 114 are posi 
tioned in a grid or array of roWs and columns at the 
cross-points of ?rst and second conductive lines 122/128. 
Read-out of the resistive memory cells 114 is preferably 
accomplished through the center of the memory elements 
114, e.g., the second conductive lines 128 contact the 
resistive memory cells 114 in a central region of the cells 
114, as shoWn. 

In the embodiment shoWn in FIG. 3, the resistive memory 
elements 114 are substantially rectangular in shape. 
Alternatively, the memory elements 114 may be elliptical in 
shape, as an example. First conductive lines 122 and second 
conductive lines 128 preferably have Widths that are of 
substantially the same dimensions, eg between around 100 
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to 500 nanometers, and more preferably, around 300 nanom 
eters. The Width of the ?rst and second conductive lines 
122/128 may be the same as a minimum feature siZe F, for 
example. Preferably, second conductive lines 128 contact 
resistive memory elements 114 in a central region of the 
rectangular resistive memory elements 114. Preferably, the 
second conductive 128 lines only partially contact the resis 
tive memory elements 114, in accordance With embodiments 
of the invention, e.g., preferably, the second conductive line 
128 Width is less than the Width of the resistive memory 
elements 114. 

In the preferred embodiment shoWn in FIG. 3, second 
conductive lines 128 are spaced apart by a greater distance 
130 than the distance 123 the ?rst conductive lines 122 are 
spaced apart. By having an increased space 130 betWeen the 
second conductive lines 128, a naroWer contact design for 
the second conductive lines 128 may be achieved, in accor 
dance With embodiments of the present invention. 

Another embodiment of the present invention is shoWn in 
a top vieW in FIG. 4, in Which resistive memory elements 
214 of MRAM device 200 are staggered or offset, With the 
?rst and second conductive lines 22/228 being arranged in a 
lattice con?guration. The resistive memory elements 214 in 
adjacent roWs are preferable staggered, e.g., the resistive 
memory elements 214 along ?rst conductive line 222a are 
staggered (do not line up vertically) from the resistive 
memory elements 214 along ?rst conductive line 222b. 
Similarly, the resistive memory elements 214 in adjacent 
columns are preferably staggered, e.g., the resistive memory 
elements 214 along second conductive line 228a are stag 
gered (do not line up horiZontally) from the resistive 
memory elements 214 along second conductive line 228b. 

In the lattice con?guration shoWn in FIG. 4, each ?rst 
conductive line 222a, 222b, 222c, 222d contacts all resistive 
memory element 214 in the roW, e.g., at the cross-points of 
either 228a, 228c, and 2286 or 228b and 228d. HoWever, in 
the vertical direction, each second conductive line 228a, 
228b, 228c, 228d, 2286 contacts every other resistive 
memory element 214, e. g., either at junctions 222a and 222c 
or at junctions 222b and 222d. 

In this embodiment, the MRAM memory array 200 com 
prises resistive memory elements 214 that are shifted or 
staggered on every other ?rst conductive line 222, alloWing 
the second conductive line 228 layer to be designed such that 
the second conductive lines 228 contact only the resistive 
memory elements 214 on every other ?rst conductive line 
222, and passing the memory cells 214 on the other ?rst 
conductive lines 222 betWeen the resistive memory elements 
214, as shoWn in FIG. 4. Using second conductive lines 228 
having a decreased Width and staggered resistive memory 
elements 214 results in a reduction of the number of resistive 
memory elements 214 per second conductive line 228 by 
factor of tWo, e.g., resulting in a loWer necessary voltage 
drop along the second conductive lines 228, or doubling the 
possible array siZe compared to prior art MRAM designs. 

Preferably, the resistive memory elements 214 are 
elongated, e.g., approximately a 3:1 aspect ratio, in a sub 
stantially rectangular or elliptical shape, for example. In 
accordance With this embodiments of the present invention, 
the number of contacts is reduced by offsetting the resistive 
memory elements 214 and introducing another set of con 
ductive lines Which connect to every other cell in the lattice 
con?guration, e.g., second conductive line 228a is coupled 
to tWo cells 214 at the cross-points of 222a and 222c, and is 
not coupled to cells 214 at the cross-points of 222b and 
222d. In being coupled to half the number of cells 214, the 
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leakage current is reduced, and the operation of the second 
conductive lines 228 is made easier. 
As in the embodiment shoWn in FIG. 3, preferably, the 

second conductive 228 lines only partially contact the resis 
tive memory elements 214, e.g., preferably, the second 
conductive line 228 Width is less than the Width of the 
resistive memory elements 214 in the area of contact. 

In another embodiment, both the ?rst conductive lines 
122/222 and second conductive lines 128/228 partially con 
tact the resistive memory elements 114/214. See FIG. 5, 
Which shoWs a cross-sectional vieW of the MRAM device 
200 in the embodiment shoWn in FIG. 4 at vieW 5—5, and 
FIG. 6, Which is a cross-sectional vieW of the device shoWn 
in FIG. 5 rotated ninety degrees at 6—6‘. For example, the 
?rst and second conductive lines 122/222 and 128/228 may 
have a smaller Width than the Width of the resistive memory 
elements 114/214, further reducing leakage currents. 

Referring to FIG. 5, a Workpiece or substrate 211 is 
provided, and ?rst conductive lines 222d are formed over the 
substrate 211. Resistive memory elements 214 are formed 
over the ?rst conductive lines 222d Within an insulating 
layer 213. Resistive memory elements 214 comprise a loWer 
contact region 242 in an upper contact region 240. Second 
conductive lines 228a, 228b, 228c, 228d, 2286 are disposed 
over resistive memory elements 214 Within insulating layer 
227, as shoWn. Preferably, the resistive memory element 
upper contact region 240 is not fully covered by the second 
conductive lines 228b and 228d, as shoWn. Also, preferably, 
the resistive memory element 214 loWer contact region 242 
is fully contacted by the ?rst conductive lines 222d. 
The resistive memory elements 214 include magnetic 

stacks, each having a tunnel junction. Alogic state is storable 
in each magnetic stack. In accordance With embodiments of 
the present invention, magnetic sWitching ?elds are prefer 
ably applied asymmetrically in order to sWitch the logic state 
of the resistive memory elements 114/214. 

Preferably, the ?rst conductive lines 122/222 and second 
conductive lines 128/228 are of substantially the same 
Width, e.g., 100 to 300 nanometers Wide. This feature of 
embodiments of the present invention is advantageous 
because the conductive line pattern is simpli?ed and there 
fore makes the manufacturing process of the MRAM device 
100/200 easier. 
Embodiments of the present invention also include a 

method of manufacturing a MRAM semiconductor device as 
described herein and depicted in FIGS. 3—5. 
Embodiments of the present invention achieve technical 

advantages as an MRAM device that solves cell-to-cell 
leakage current problems found in the prior art. 

In one embodiment, the number of resistive memory 
elements 114 is reduced along one conductive line 128 layer, 
Which alloWs for an increase in the siZe of the array 100, 
reducing the apparent voltage drop along the ?rst and second 
conductive lines 122/128 during Writing and reading. 

In accordance With embodiments of the invention, the 
memory element 114/224 resistance is reduced, increasing 
the speed of the array 100/200 compared to conventional 
cross-point MRAM devices, and resulting in reduced 
memory element-to-element 114/214 leakage currents. 
Reducing leakage currents results in a reduction in the 
number of errors and failures of the MRAM devices 100/ 
200. The speed of the memory device may be increased, 
because the resistance of the memory cell may be reduced as 
a result of the smaller number of cells connected to the 
conductive lines. 

In another embodiment, the siZe of the MRAM device 200 
may be increased, resulting in an increased number of 
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resistive memory elements 214 in a given area. For example, 
the array 200 may be made tWice as large as in prior art 
MRAM designs. 

Another advantage of embodiments of the present inven 
tion includes providing a uniform pattern factor for both 
metal layers, e.g., ?rst conductive lines 122/222 and second 
conductive lines 128/228. Both metal layers have the same 
pattern factor, thus alloWing the use of the same processes 
for both metal layers for ?rst conductive lines 122/222 and 
second conductive lines 128/228. 

Embodiments of the present invention are described With 
reference to a particular application for a cross-point 
MRAM cell 100/200 herein; hoWever, embodiments of the 
invention also have application in other resistive semicon 
ductor devices. Particularly, providing a uniform pattern 
factor for both metal layers, e.g., for ?rst conductive lines 
122/222 and second conductive lines 128/228, is advanta 
geous in MRAM devices that use a PET to select the 
memory cell to be read, Where leakage is generally not a 
concern. 

While the invention has been described With reference to 
illustrative embodiments, this description is not intended to 
be construed in a limiting sense. Various modi?cations in 
combinations of the illustrative embodiments, as Well as 
other embodiments of the invention, Will be apparent to 
persons skilled in the art upon reference to the description. 
In addition, the order of process steps may be rearranged by 
one of ordinary skill in the art, yet still be Within the scope 
of the present invention. It is therefore intended that the 
appended claims encompass any such modi?cations or 
embodiments. Moreover, the scope of the present applica 
tion is not intended to be limited to the particular embodi 
ments of the process, machine, manufacture, composition of 
matter, means, methods and steps described in the speci? 
cation. Accordingly, the appended claims are intended to 
include Within their scope such processes, machines, 
manufacture, compositions of matter, means, methods, or 
steps. 
What is claimed is: 
1. A resistive semiconductor device, comprising: 
a plurality of ?rst conductive lines positioned parallel to 

one another and positioned in a ?rst direction; 
a plurality of resistive memory elements disposed over the 

?rst conductive lines; and 
a plurality of second conductive lines disposed over the 

resistive memory elements, the second conductive lines 
being positioned parallel to one another in a second 
direction, Wherein the second conductive lines partially 
contact the resistive memory elements, Wherein the ?rst 
conductive lines and second conductive lines are posi 
tioned in a lattice con?guration, Wherein each ?rst 
conductive line contacts a resistive memory element, 
Wherein every other second conductive line contacts a 
resistive memory element, and Wherein the resistive 
memory elements in adjacent roWs are staggered. 

2. The resistive semiconductor device according to claim 
1, Wherein the resistive memory elements comprise a sub 
stantially rectangular or elliptical shape, Wherein the second 
conductive lines are disposed over a central region of the 
resistive memory elements. 

3. The resistive semiconductor device according to claim 
1, Wherein the resistive memory elements are oriented in a 
half pitch con?guration. 

4. The resistive semiconductor device according to claim 
1, Wherein the resistive memory elements comprise an upper 
contact region, Wherein the resistive memory element upper 
contact region is not fully covered by the second conductive 
lines. 
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5. The resistive semiconductor device according to claim 

4, Wherein the resistive memory elements comprise a loWer 
contact region, Wherein the resistive memory element loWer 
contact region is fully contacted by the ?rst conductive lines. 

6. The resistive semiconductor device according to claim 
1, Wherein the resistive memory elements comprise mag 
netic stacks, the magnetic stacks including a tunnel junction, 
Wherein a logic state is storable in each magnetic stack. 

7. The resistive semiconductor device according to claim 
1, Wherein magnetic sWitching ?elds are applied asymmetri 
cally to sWitch the logic state of the resistive memory 
elements. 

8. The resistive semiconductor device according to claim 
1, Wherein the ?rst and second conductive lines are substan 
tially the same Width. 

9. The resistive semiconductor device according to claim 
1, Wherein the device comprises a magnetic random-access 
memory (MRAM) device. 

10. The resistive semiconductor device according to claim 
1, Wherein the ?rst and second conductive lines comprise 
Wordlines and bitlines. 

11. The resistive semiconductor device according to claim 
1, Wherein the ?rst conductive lines partially contact the 
resistive memory elements. 

12. A magnetic random-access memory (MRAM) semi 
conductor device, comprising: 

a semiconductor substrate; 
a plurality of ?rst conductive lines disposed over the 

substrate, the ?rst conductive lines positioned parallel 
to one another in a ?rst direction; 

a plurality of resistive memory elements disposed over the 
?rst conductive lines; and 

a plurality of second conductive lines disposed over the 
resistive memory elements, the second conductive lines 
being positioned parallel to one another in a second 
direction, Wherein the second conductive lines partially 
contact the resistive memory elements, Wherein the ?rst 
conductive lines and second conductive lines are posi 
tioned in a lattice con?guration, Wherein each ?rst 
conductive line contacts a resistive memory element, 
Wherein every other second conductive line contacts a 
resistive memory element, and Wherein the resistive 
memory elements in adjacent roWs are staggered. 

13. The MRAM semiconductor device according to claim 
12, Wherein the resistive memory elements comprise an 
upper contact region, Wherein the resistive memory clement 
upper contact region is not fully covered by the second 
conductive lines. 

14. The MRAM semiconductor device according to claim 
12, Wherein the resistive memory elements comprise a loWer 
contact region, Wherein the resistive memory element loWer 
contact region is fully contacted by the ?rst conductive lines. 

15. The MRAM semiconductor device according to claim 
12, Wherein the resistive memory elements comprise mag 
netic stacks, the magnetic stacks including a tunnel junction, 
Wherein a logic state is storable in each magnetic stack. 

16. The MRAM semiconductor device according to claim 
15, Wherein magnetic sWitching ?elds are applied asym 
metrically to sWitch the logic state of the resistive memory 
elements. 

17. The MRAM semiconductor device according to claim 
12, Wherein the resistive memory elements are oriented in a 
half pitch con?guration. 

18. The MRAM semiconductor device according to claim 
12, Wherein the ?rst and second conductive lines are sub 
stantially the same Width. 

19. The MRAM semiconductor device according to claim 
12, Wherein the resistive memory elements comprise a 
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substantially rectangular or elliptical shape, Wherein the 
second conductive lines are disposed over a central region of 
the resistive memory elements. 

20. The MRAM semiconductor device according to claim 
12, Wherein the ?rst and second conductive lines comprise 
Wordlines and bitlines. 

21. The MRAM semiconductor device according to claim 
12, Wherein the ?rst conductive lines partially contact the 
resistive memory elements. 

22. Amethod of manufacturing a magnetic random-access 
memory (MRAM) semiconductor device, comprising: 

providing a semiconductor substrate; and 
forming a plurality of a plurality of ?rst conductive lines 

parallel to one another in a ?rst direction over the 

substrate; 
disposing a plurality of resistive memory elements over 

the ?rst conductive lines; and 
forming a plurality of second conductive lines over the 

resistive memory elements, the second conductive lines 
being positioned parallel to one another in a second 
direction, Wherein the second conductive lines partially 
contact the resistive memory elements, further com 
prising: 
positioning the ?rst conductive lines and second con 

ductive lines in a lattice con?guration, Wherein each 
?rst conductive line contacts a resistive memory 
element, Wherein every other second conductive line 
contacts a resistive memory element, and 

staggering the resistive memory elements in adjacent 
roWs. 

23. The method according to claim 22, Wherein disposing 
the resistive memory elements comprises disposing ele 
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ments comprising a substantially rectangular or elliptical 
shape, Wherein forming the second conductive lines com 
prises disposed the second conductive lines over a central 
region of the resistive memory elements. 

24. The method according to claim 22, Wherein disposing 
the resistive memory elements comprises orienting the resis 
tive memory elements in a half pitch con?guration. 

25. The method according to claim 22, Wherein the 
resistive memory elements comprise an upper contact 
region, Wherein the resistive memory element upper contact 
region is not fully covered by the second conductive lines. 

26. The method according to claim 25, Wherein the 
resistive memory elements comprise a loWer contact region, 
Wherein the resistive memory element loWer contact region 
is fully contacted by the ?rst conductive lines. 

27. The method according to claim 22, Wherein the 
resistive memory elements comprise magnetic stacks, the 
magnetic stacks including a tunnel junction, Wherein a logic 
state is storable in each magnetic stack. 

28. The method according to claim 27, Wherein magnetic 
sWitching ?elds may be applied asymmetrically to sWitch 
the logic state of the resistive memory elements. 

29. The method according to claim 22, Wherein the ?rst 
and second conductive lines are substantially the same 
Width. 

30. The method according to claim 22, Wherein the device 
comprises a magnetic random-access memory (MRAM) 
device. 

31. The method according to claim 22, Wherein the ?rst 
conductive lines partially contact the resistive memory ele 
ments. 


